, both CG3171 and Gr5a plementary material available with this article online), is shown in Figure 1 for some of the P excised mutants. 
mutations in Tre to elucidate their involvement in the gustatory phenotype. Here, we show that Tre EP(X)496 (GenBank accession number AQ025347) that maps directly between the two genes was used to generate mutations induced by P element-mediated genomic deletions disrupt Gr5a gene organization Tre mutations by activating imprecise P element excisions [8] . A total of 22 independent Tre mutations were recovand the expression of Gr5a mRNA, while disruption of the CG3171 gene or its expression was not always ered. The gustatory phenotype, assessed by a feeding preference test (see Materials and methods and the Supassociated with mutations in Tre. In flies with the spontaneous mutation Tre
01
, both CG3171 and Gr5a plementary material available with this article online), is shown in Figure 1 for some of the P excised mutants. 
. Taken together, the mutation analyses support that Gr5a is allelic to Tre.
mentation tests between the P mutations and Tre 01 confirmed that the P mutations are allelic to Tre (data not Figure 1 The expression of CG3171 and Gr5a mRNAs in wild-type and Tre mutant flies
The transcripts of CG3171 and Gr5a were then investigated in the P excised mutants. RT-PCR with total RNAs isolated from the head amplified a CG3171 mRNA sequence in Tre ϩ and Tre 01 flies (Figure 3a) . was predicted to express CG3171 from the intact genomic structure. In the Northern blot analysis, the antisense RNA probe of CG3171 labeled a 1.6 kbp mRNA from wild-type heads (Figure 3b) appendages, showing that CG3171 mRNA is expressed in various tissues. The mRNA was normally expressed in the labella, the head, and the appendages of a mutant poxn [10] in which chemosensory neurons are transformed disrupted in Tre ⌬EP5 since it uncovers the promoter, the to mechanosensory neurons (Figure 3e ,f). The low tissue 5Ј leader, and 133 bp downstream of the start codon. specificity of CG3171 is inconsistent with the claim of Deletion in Tre ⌬EP3 leaves 44 bp intact in the 5Ј leader, Ishimoto et al. that CG3171 mRNA was identified from but at least 58 bp are truncated in addition to the deletion the differential screen of cDNA libraries between wildof the promoter. Therefore, Tre ⌬EP3 and Tre ⌬EP5 are extype and poxn mutant tissues [4] . A CG3171 cDNA clone pected to be double mutations of both CG3171 and Gr5a.
LD12308 (GenBank accession number AA438512) was isolated from an embryonic library. We also observed that Tre ⌬EP19 (GenBank accession number AB066612) is dis-CG3171 mRNA is expressed throughout embryo to adult tinct from Tre ⌬EP3 or Tre ⌬EP5 since the 3Ј end of the P stages (data not shown). A different line of evidence supelement has been precisely excised out, leaving the porting CG3171 as a developmental gene was provided CG3171 gene structure intact. Tre ⌬EP19 uncovers a 1.0 kbp by Toba et al. [11] . They showed that developmental sequence in the direction of Gr5a that includes the prophenotypes were induced in various tissues of the transmoter, the 5Ј leader, and a 253 bp sequence of the entire formants carrying a misexpression construct inserted adjaexon 1, intron 1, and part of exon 2. Therefore, only cent to CG3171 locus when the expression was activated the Gr5a gene structure is specifically and most severely by Gal4 drivers. disrupted in Tre
⌬EP19
. Taking the genomic analyses together, disruption of Gr5a but not CG3171 is associated with Tre mutations.
We then analyzed Gr5a mRNA in wild-type and mutant Predicted amino acid polymorphism in the coding sequences of (a) CG3171 and (b) Gr5a among laboratory and wild isofemale strains.
Residue numbers are shown above the amino acid sequences. Changes in amino acids are indicated in colors. An Ala218Thr polymorphism in Gr5a is highlighted in yellow. decreased amounts, suggesting that Gr5a is predomi- of Gr5a is associated with the Tre phenotype. . Sequence analysis revealed a total of 12 single-nucleotide polymorphisms (SNPs) and an 18 bp insertion/deletion in exons. In addition, a total of 18 SNPs and two oligonucleotide flies. RT-PCR was successful with poly(A) ϩ RNA prepared from 300 heads and 100 labella (Figure 3d,e) . Figure 3e compares Gr5a mRNAs from wild-type and poxn labella 4a). In these three strains, an SNP in exon 2 leading to a Phe12Ile substitution was also identified. A second by the RT-PCR. The amounts of the template RNAs nonsynonymous SNP in exon 7 leading to a Leu348Met
Analysis of CG3171 and
Dunipace et al. [7] showed that GRs are expressed in gustatory neurons in distinct subsets of gustatory organs. substitution was identified in all strains, except in w cx Tre ϩ . None of the three sites, however, were linked to Future studies on the localization and the projection of gustatory neurons expressing GR5a and the related GR the gustatory dimorphism. members may provide clues to understanding the neuronal mechanism underlying feeding behavior in flies. Similarly, Gr5a polymorphisms were also analyzed for the 1.7 kbp genomic region in the following six strains: w cx cx was used as a wild-type control for the feeding preference test. Leu216His cosegregated with the gustatory phenotype.
Materials and methods

Nineteen SNPs and two single-nucleotide insertions/de-
males were then subjected to a feeding preference test as described below. Candidate males showing low preference to trehalose were singly Ala218Thr, which cosegregated with the Tre phenotype in mated to virgin X chromosome balancer females to establish strains. A the previous analysis, again cosegregated in the additional total of 22 P excised Tre mutations were recovered. They were given eight strains without exceptions. Assuming that the allelic allele names of ⌬EP followed by a number.
frequencies of Tre ϩ and Tre 01 are 0.25 and 0.75, as was observed in a collection of AK strains, the probability
Feeding preference test
Food-deprived flies were introduced into a micro test plate and allowed of cosegregation between Ala218Thr and the Tre/Tre 01 to feed for 1 hr by providing them with the choice between 20 mM gustatory dimorphism occurring by chance among the 14 trehalose and 2 mM sucrose solutions. The solutions were mixed with strains is about 0.01%. We therefore concluded that 1% agar and a blue food dye (0.125 mg/ml brilliant blue FCF;
Ala218Thr is significantly correlated with the gustatory C 37 H 34 O 9 NaS) for the trehalose solution or a red food dye (0.5 mg/ml Tre phenotype. The Ala218 is located in the predicted acid red 27; C 20 H 11 O 10 N 2 Na 3 S 3 ) for the sucrose solution. After feeding, flies were anesthetized and observed under the dissection microscope.
second intracellular loop domain of GR5a. Since the secThey were categorized into four groups according to the abdominal ond or the third loop is known to be critically important colors: blue (group 1), red (group 2), purple (group 3), and no staining in the activation of G protein both by rhodopsin [12, 13] characterization of Gr5a has yet to be performed, we propose that Gr5a encodes a gustatory sugar receptor con- the third chromosome [6, 7] . Since Tre affects the taste response to a limited subset of sugars (Morita et al., un-
RT-PCR
published data), some of these receptors may also be CG3171 (GenBank accession number AE003435) except that the 5Ј leader starts 17 bp upstream and that the 3Ј untranslated region of 136 bp follows after the stop codon. Genomic or cDNA sequences were either directly sequenced or cloned into vectors after PCR amplification. They were analyzed with conventional methods using 3Ј dye-labeled dideoxynucleotide terminators followed by primer extension reactions and were then analyzed using the ABI PRISM 310 Genetic Analyzer (PE Applied Biosystems). With a set of primers, GAGCACTGATTCCA CACACGGGCATT and ATCAAGTATTTATGTAGCGGGCGGAAAGT, an approximately 3 kbp flanking genomic sequence that harbors the insertion site of EP(X)496 and partially spans the CG3171 and Gr5a gene loci in the wild-type genome is amplified by PCR. Fragments shorter than 3 kbp were amplified by the PCR in the P excised deletions w Tre ⌬EP3 , w Tre ⌬EP5 , and w Tre ⌬EP19 and were subjected to the sequence analysis.
Supplemental material
Supplemental material including an additional figure showing an example of the feeding test are available at http://images.cellpress.com/supmat/ supmatin.htm.
